Introduction
With the development of the world economy, oil consumption is increasing, oil resources become increasingly tense, and the pressure on energy supply increasing. Shale oil has become a national consensus is the most likely alternative to petroleum and natural gas energy has attracted the attention of the world, the development and utilization of oil shale has also become a research upsurge. oil Shale is the focus of oil and gas exploration in the world. Shale oil development is likely to change the world oil situation and have an important impact on the global energy landscape [1] [2] [3] [4] [5] [6] [7] . In the process of oil shale retorting, with shale oil output, the carbonization wastewater containing a large number of suspended solids, volatile phenol, petroleum, COD, cyanide, sulfide, nitride and other pollutants. The oil shale retorting wastewater has amount of organic matter and high ammonia content, rich in aromatic hydrocarbons and oxygenated compounds, which biodegradation is very difficult, brought a huge threat to the environment [8] [9] [10] [11] .
In this paper, UV spectrophotometry and GC / MS were used to monitor the content of phenol in oil shale retorting wastewater.
Materials and methods
Instruments and reagents. UH5300 UV -Visible Spectrophotometer (Japan); 6890-5973 Gas Chromatography -Mass Spectrometer (USA).
The experiment was carried out using phenol, ether, ferric chloride, n-octanol, tributyl phosphate, benzene, ethyl acetate and sodium chloride which are all analytical reagent.
Test sample. Oil shale retorting wastewater is taken from oil shale refinery. Chromatographic and mass spectrometric conditions. Chromatographic condition: Chromatographic column specification HP-5 (25m * 0.32mm), The inlet temperature is 280℃, the joint pipe temperature is 280℃, column pressure is 22.64Pa, carrier gas is He and diversion sampling is adopted. The initial temperature is 50℃, and the temperature is raised to 220℃ at 5 ℃ /min, then the temperature maintained 10min. Samples were injected with a micro syringe, with a volume of 1 μ L per injection.
Mass spectrometry condition:
Ionization mode is EI, source temperature 180℃, electron energy 70ev, collecting current 200 microamps, source vacuum 10 -4 Pa, analyzer vacuum 10 -6 Pa, full quality scanning, resolution 1000, time delay 2 min. Standard solution configuration. A 100 mg/L phenol solution was prepared in 100 mL volumetric flask with high purity water as a solvent; 250 mg / L phenol solution was prepared in a 50 ml volumetric flask with ether as solvent.
Preparation of sample. Determining the pH of oil shale retorting wastewater，and pretreated with benzene, ether, ethyl acetate, octanol and tributyl phosphate as extractants respectively. Take 2mL of waste water in the test tube, add 4mL extractant, room temperature conditions for the first extraction of phenol wastewater, ultrasonic shock absorber extraction for 15min. After 5 min, take the supernatant and add anhydrous Na 2 SO 4 to dry the supernatant. After the supernatant was clear and clear, it was centrifuged at 4800rpm and the centrifugation time was 5min. With a syringe to absorb a small amount of supernatant, and filter with a one-time organic filter, analysis after the liquid filtered.
Results and discussion UV spectrophotometry. Determination of the maximum absorption wavelength of phenol. We carried out 200 ~ 800nm UV-visible scanning analysis on the phenol standard solution, and obtained the UV-Vis absorption spectra，as shown in Fig.1 . It can be seen from Figure 1 , phenol in the range of 200 to 800 maximum absorption, the maximum absorption wavelength was 270nm.
Determination of standard curve of phenol. We used the pure water and ether as the solvent respectively, and prepared the standard solution of 0.5, 1.0, 1.5, 2.0, 3.0 and 5.0 mg / L respectively, and the absorbance of the standard solution of different concentrations of phenol was measured at the wavelength of 270nm. The sample was measured three times and averaged. Whether the high purity water as a solvent or ether as the solvent measured absorbance is the same, the concentration of phenol as the abscissa, absorbance for the vertical axis, drawn the phenol standard curve, seen in As shown in Fig.3 , Oil shale retorting wastewater contains a variety of organic matter, there are more peaks, but it was found that no peak appeared at 270 nm and an absorption peak appeared at 272.5 nm, the value recorded here is considered as the absorbance of phenol. Each sample was measured three times in parallel. The average value was found on the standard curve of phenol. The corresponding phenol concentration was 8.49mg/L. Analysis of gas chromatography -mass spectrometry.Extraction agent selection.When the extraction of oil shale retorting wastewater was carried out using octanol and tributyl phosph as extractant.The results showed that octanol as extractant can not extract phenol in this wastewater. The extraction of phenol with tributyl phosphate as extractant did not achieve the desired effect, the reason is that its boiling point is higher than phenol, and the peak position appears after the phenol peak, and its peak can not be eliminated. In addition, the absorption peak of phenol is very small, and it will remain at the inlet of the sample. It is difficult to volatilize, which makes it difficult to determine. Therefore, it is not used as extractant. Then, we used benzene, ethyl acetate and ether for extraction. It was found that there were more miscellaneous peaks with ethyl acetate as extractant, and the peak area of phenol was very low when benzene was used as extractant. Finally, ether was used as extractant When the ideal extraction results, phenol peak shape and peak area are moderate. After a variety of extraction agent extraction experiments, to determine the ether as extractant.
Determination of standard curve of phenol.With the peak area as the ordinate, the mass concentration of phenol for the abscissa to draw the phenol standard curve shown in Figure 4 . As shown in Fig.4 , the linear regression equation is obtained by linear fitting: Y=-21384+578543X Determination of phenol content. Oil shale retorting wastewater samples and phenol standard solution mass spectrum shown in Figure 5 . The oil shale retorting wastewater was pretreated under optimum conditions and the samples were measured on a gas chromatography-mass spectrometer. Each injection volume of 1µL, record the peak area of the value of parallel measurements were taken three times the average. The concentration of phenol in oil shale retorting wastewater was 10.61mg/L by substituting it into linear equation. 
Summary
The content of phenol in oil shale retorting wastewater was determined by UV visible spectrophotometer and GC-MS respectively. The content of phenol in wastewater was 8.49mg/L by UV visible spectrophotometer, however, the content of phenol in wastewater was 10.61mg/L by GC-MS. The determination of phenol wastewater by gas chromatography mass spectrometry is accurate through the determination of two methods, The UV visible spectrophotometric method for determination of phenol when the maximum absorption wavelength of 270nm peak position deviation of phenol solution, resulting in a peak position may contain other organic compounds, making the results of determination error.
